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INSULATION ARRANGEMENT FOR THE INTERNAL INSULATION OF A 

VEHICLE 

CROSS REFERENCE TO RELATED APPLICATIONS 
5 The present application claims priority of DE 10 2004 001 083 filed January 05, 
2004 and US 60/600,107 filed August 09, 2004, which are both hereby incorporated 
by reference. 

FIELD OF THE INVENTION 
10 The present invention relates to insulation such as fire insulation and/or protection. In 
particular, the present invention relates to an insulation structure for the internal 
insulation of a vehicle. The insulation structure may be useful for protecting the 
internal region of a vehicle from a fire incursion from outside the vehicle 
surroundings. 

15 

BACKGROUND OF THE INVENTION 

Conventional insulation systems P such as e.g. shown in Fig. 1, essentially comprise a 
core material, which is embedded in an insulation package and an envelope. The core 
and insulation materials generally include products of the fiber industry, of which 

20 fiber glass materials (glass wool) are used in particular. This material fulfils the 
requirements in regard to thermal and acoustic insulation. In order to implement 
mounting (attachment) of the relatively amorphous semi finished products to the 
vehicle structure, the insulation package (comprising these semi finished products) is 
enclosed by an envelope film. Reinforcements are attached to the ends of the 

25 envelope film in order to thus attach a (therefore complete) insulation package to the 
structure surfaces of a vehicle with the aid of fasteners. 

Insulation packages of this type are attached to the frames of the aircraft fuselage 
structure by means of fasteners which are typically made of plastic(s), for example, 
30 polyamide. The typical insulation systems, which comprise glass wool and simple 
plastic films, may have a burn-through time of approximately sixty seconds. 
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In case of fire in an aircraft parked on the ground, i.e. the "post-crash fire scenario" 
(Fig. 2), burning kerosene may cause the aluminum cells of the aircraft structure and 
even the fuselage insulation (internal insulation) of the aircraft to burn through. 
There is always a desire to increase the burn trough time, or to increase the time the 
5 structure may withstand the fire. 

As mentioned above, typical fasteners of the insulation are made of non-metallic 
materials (plastics), which are usually not able to resist the fire in case of catastrophe 
for an extended period of time. Due to this, a collapse of the burning insulation 
10 (insulation packages) may occur, because of which uncontrollable obstructions or 
other fire danger points would (suddenly) be present. 

WO 00/75012 A 1 discloses a fuselage insulation for an aircraft fuselage which is 
specified as "fire-blocking". This publication discloses an insulation package which 

15 is positioned as the primary insulation within a spatial region which lies between the 
fuselage internal paneling and the fuselage external skin. In this case, this insulation 
package is protected in areas by a film made of fire-blocking material. This fire- 
blocking film region is directly facing toward the external skin of the aircraft 
fuselage (as a type of fire protection shield). Neglecting the fact that only insufficient 

20 protection of the insulation package and also the fuselage internal region from 
occurring fire may be provided using this suggestion, since during a fire catastrophe 
the flames of fire may pass from outside the aircraft through a damaged external skin 
and may feed on the internal insulation, i.e., would pass through the (only) fire- 
blocking, but not fire-resistant film upon permanent fire strain, the intended regional 

25 positioning of an only fire-blocking film may not be able to ensure fire protection 
safety in relation to the fuselage inside region for an extended period of time. 
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SUMMARY OF THE PRESENT INVENTION 

According to an exemplary embodiment of the present invention, an insulation 
structure for the internal insulation of a vehicle is provided, which may be adapted 
for arrangement in an intermediate space between an internal paneling of the vehicle 
5 and an outside or external skin of the vehicle. The insulation structure comprises an 
insulation package with an insulation core which is embedded in the insulation 
package. Furthermore, there is a film of a bum-through safe film material, wherein 
the film material is an obstruction to a fire to which a film surface region of this film 
is subjected during a fire incident. According to an aspect of the present invention, 
10 the insulation package is essentially enveloped by the film. 

An exemplary embodiment of the present invention may allow for an improved 
insulation structure of a vehicle, which is used for internal insulation, in such a way 
that a fire incursion of the flames of a source of fire acting from outside the vehicle 
surroundings into the vehicle interior may prevented or may be delayed. 
Furthermore, it is believed that an increase of the fire protection safety for separate 
interior regions lying near a structure external skin being implemented through the 
type of film insulation of the insulation package may be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in greater detail with reference to an exemplary 
embodiment on the basis of the following drawings. 

Figure 1 shows a known fuselage insulation of a commercial aircraft; 
Figure 2 shows a post-crash fire scenario in a parked commercial aircraft; 
Figure 3 shows an insulation structure for internal insulation of a commercial 

aircraft having a bum-through safe film envelope of the insulation 
package according to an exemplary embodiment of the present 
invention; 
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Figure4 shows the insulation structure shown in Figure 3 having a film 

reinforcement through layered burn-through safe film envelopes 
according to an exemplary embodiment of the present invention; 

Figure 5 shows a modification of the insulation structure shown in Figure 4 
5 with the illustration of a partial film envelope through further burn- 

through safe film envelopes according to an exemplary embodiment 
of the present invention; 

Figure 6 shows a modification of the insulation structure shown in Figure 4 

with the illustration of a Z-shaped fold (in the example) of a single 
10 burn-through safe film according to an exemplary embodiment of the 

present invention; 

Figure 6a shows an illustration of the details B shown in Figure 6. 



DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
15 In order to make the illustration in Figure 1, it will also be noted for introductory 
purposes that in the strength bracing of the aircraft fuselage, the latter has, in addition 
to stringers 31 which stiffen all external skin panels of an aircraft fuselage structure, 
multiple frames 32, which are positioned perpendicularly to the aircraft longitudinal 
axis (not shown) at (approximately) intervals c and/or attached to the stringers 31. A 
20 frame girder 40, which is extended parallel to the aircraft longitudinal axis, is 
integrated on the unattached end of these frames 32, the (unattached free) end of the 
frame girder 40 being angled perpendicularly to the aircraft longitudinal axis (in this 
embodiment). 



25 The illustration in Figure 1 providing the observer with an impression in regard to 
the position of the (generally numbered) insulation package 3 on the (proximal) 
outside or external skin 33 of the aircraft. This insulation package 3 is especially 
implemented in each case having a panel insulation package 17 and a frame 
insulation package 16, which are both laid separately and attached to (the region 
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proximal to the external skin) of the aircraft fuselage structure (in the region of a 
jointly used structure support). It may also be seen from Figure 1 that a panel 
insulation package 17 is laid between the (two) frames 32 positioned at intervals c 
proximal to an internal surface region of an external skin panel of the external skin 
5 33 and a frame insulation package 16 is laid on the frame girder 40, which is 
extended laterally from the frame longitudinal side 41 (and pressing on one side 
against a frame longitudinal side 41). These two insulation packages are completely 
enveloped by a film 2. They are positioned inside an intermediate space (not 
recognizable in Figure 1), which encloses internal paneling of the aircraft and the 
10 external skin panels of the external skin 33. 

In order to clarify improvements which may be achieved with exemplary 
embodiments of the present invention and an improved fire protection safety for 
spatial regions to be bulkheaded off, which include an intermediate space, the 

15 external skin 33, and internal paneling of the aircraft cabin positioned parallel and 
with spacing to the latter (defined and lying transversely to the fuselage longitudinal 
axis), with reference to the illustration in Figure 2, a fire catastrophe situation in a 
parked passenger aircraft should be considered. As can be seen in the simulated fire 
situation, which is referred to as a "post-crash fire scenario" 7 (Fig. 2), in the event of 

20 a defective aircraft structure 8 (external skin 33) due to external mechanical action 
and/or in the event of simultaneously occurring fire effect on this aircraft region 
because of escaping and/or ignited kerosene inside the fuselage and/or cabin, an 
emergency situation may occur for passengers and flight personnel. Thus, there is 
always a need for improved isolation structures or arrangements which may allow to 

25 extend a time to withstand a fire or to keep the insulation in place for an extended 
period of time. 

In order to now implement this need for elevating the fire protection safety for 
separated interior regions proximal to a structure external skin, e.g. of a passenger 
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aircraft, for example, a burn-through safe film 1 1 made of a fire-resistant film 
material is suggested, which completely envelops an insulation package 3, 
traditionally used for internal insulation of an aircraft fuselage, according to the 
pattern of Figure 3. Only by enveloping the insulation package 3 in film will one be 
5 able to counter the looming dangers in the (non-foreseeable and undesired) fire 
protection catastrophe case of an aircraft (a vehicle in general) for whatever original 
(fated) reasons, in order to counter the disadvantages specified at the beginning. A 
complete enveloping may be preferable. 

10 The further considerations include a typical insulation package 3 comprising 
fiberglass (glass wool), in which an insulation core 1 is embedded. In this case, the 
core material fulfills requirements in regard to thermal and acoustic insulation. This 
is (even here) typically a product of the fiber industry, fiberglass materials mainly 
being used. The type of attachment of the film-enveloped insulation package 3 and 

15 the use of corresponding fasteners in order to at least partially fulfill the need for a 
fire-protection safety in regard to the overall arrangement of the internal insulation of 
the aircraft fuselage will not be discussed in greater detail. 

The film 11, which is suggested for enveloping the insulation package 3, is (for the 
20 intended purpose) to completely envelop the insulation package 3. It is implemented 
using a burn-through safe material, i.e., using a film material which is safe from burn 
through of the film wall because of the permanent effect of the flames of a fire 7 on 
the external surface of the film 1 1 and/or its film material. This film material is 
accordingly an absolute obstruction for a flaming fire 7, which a film surface region 
25 of this film 1 1 is subjected to during a fire catastrophe which is shown in Figure 2. 

Since the statement "bum-through safe 11 is correlated very strongly with the 
statement "fire-resistant", "fire-resistant" meaning something like "resistant to fire", 
the film 1 1 is therefore implemented using a material of high and permanent fire 
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resistance, which is implemented as sufficiently resistant. In this case, the level of 
this resistance to fire 7 is correlated to the type of film material used and the film 
wall thickness used, the permanence of the resistance being correlated to a usage 
period of the film 1 1, which is considered as a very long period of time and will then 
5 run over a (finite) duration of a longer chronological interval (calculated from the 
beginning of usage of the film 11); for example, until the end of a time at which the 
film material will lose its resistance to fire 7 because of film aging or it may be 
expected that this resistance to fire 7 will be reduced. 

10 The statement "insensitive" assumes being "not sensitive" [Wahrig Deutsches 
Worterbuch] to (here) the flame effect of the fire 7 on the film material. Since other 
sensitivities of the film material, for example, to environmental conditions at the 
usage location of the film 1 1 acting on the film material from outside the insulation 
package 3, would be conceivable, the statement "burn-through safe" mainly 

15 comprises the statement "insensitive" to occurring fire 7, the film material used 
certainly also able to be and (in aircraft construction) intended to be insensitive to 
other influences, for example, contamination and other chemical influences in the air, 
to the influence of electrical hazards, to the influence of the environmental air 
pressure, etc.. 

20 

The film 1 1 is accordingly to be implemented using a material of high and permanent 
fire resistance which is implemented as resistant and/or insensitive to occurring fire 
7, because of which a film wall does not burn through because of the influence of the 
flaming fire 7 even with permanent effect on the film surface region and propagation 
25 of the fire 7 flaming against the film surface region may be prevented or hindered. 

A further embodiment of an insulation structure for internal insulation, which is 
installed in a commercial aircraft, for example, is shown in Figure 4. Accordingly, 
this insulation package 3, which is firstly completely enveloped - according to the 
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pattern of Figure 3 - (only) by one single (first) burn-through safe film 11, is 
enveloped by a further (second) burn-through safe film 11a, which is layered lying 
on the first film 1 1. It remains open in this case whether both films 11, 1 la comprise 
a film material of the same type. It appears important that in both cases a burn- 
5 through safe (fire-resistant) film material is used. 

Even if later, as indicated clearly in Figure 5 (by an arrow), a defined film region A 
of the film reinforcement (formed by, for example, two layered bum-through safe 
films 11, 1 la), is to be implemented as film-reinforced with the aid of a third burn- 

10 through safe film 1 lb (by laying this film on the second film 1 la), then in the sense 
of this definition a film layering which lies, for example, on only half of a film 
surface region of the second or first film 11, 11a would also be understood. The 
complete enveloping of the film assembly 3 would not be canceled and/or would be 
viewed as given by the complete enveloping of the first and/or second film 11, 11a 

15 on the insulation package 3 . This film reinforcement of a defined film region A using 
a third bum-through safe film lib, which would completely cover, for example, the 
film surface region directed (as shown in Figure 1) toward the external skin 33 (as a 
type of additional protective shield), is significant because the additional third film 
1 lb will provide additional fire protection. In addition, the double-sided existing film 

20 ends 33a, 33b of the second and third film 11a, lib are molded onto, for example, 
the also existing two film ends of the first film 1 1 (possibly by applying pressure and 
simultaneously heat to the film ends to be joined). 

In Figure 6 (as in Figures 4 and 5), this film reinforcement by layering two burn- 
25 through safe films 11, 11a (completely enclosing the film assembly 3), which are 
positioned lying one on top of another, is shown, a film reinforcement implemented 
using multiple bum-through safe films 11, 11a, lib,... llz n being at least 
theoretically conceivable. As previously specified in regard to Figure 5, a film 
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reinforcement is implemented again around the external circumference of the second 
(here) film 1 la with the aid of the third film 1 lb. 

In contrast to Figure 5, however, the following change is visible. In the example of 
5 the first film 1 1, (in the framework of a prior work cycle) a hose-like end section of 
the film 1 1 is formed on the end of this film 1 1 and outside its film envelope and on 
the edges of the insulation package 3. This hose-like end section is shaped into an 
attachment section 50 of this film 11 of (in the top view) rectangular appearance, if 
the hose-like shaped film walls (of the hose-like end section of the first film 11) lie 
10 one on another with their rectangular width, which corresponds to half of the hose 
circumference, and rectangular length, which corresponds to the extended length of 
the hose-like region (not used as the film envelope) of the first film 1 1 . 

The long and wide sides of the end section shaped in this way into an attachment end 
1 5 section 50 have a flat design (in the side view). 

The final state of the Z-shaped folded attachment section 50 of the first film 1 1 may 
be approximately inferred from the detail B of Figure 6a, or at least this Z-shaped 
fold of the flattened attachment end section 50 along its stretched length is clear, so 

20 that after folding the latter will have three individual flattened partial attachment end 
sections Bl 1, CI 1, Dll of the rectangular contact surfaces - according to the pattern 
of Figure 6a - which are to lie one on top of another in a final position. The hose-like 
end sections of the second and third films 1 la, 1 lb may also be shaped in this way 
into corresponding flat attachment end sections 50a, 50b and subsequently folded in 

25 a Z-shape. Shaping the flattened partial attachment end sections of the attachment 
end section 50, 50a, 50b lying one on top of another (because of the Z-folding) 
through application of pressure and heat (with the aid of a suitable tool) into a 
compacted end body section of the films 1 1, 1 la, 1 lb may also be considered. 
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Taking out a through hole from the partial attachment end sections of the attachment 
end sections 33, 33a, 33b and/or the compacted end body sections perpendicular to 
the contact surfaces, through which a fastener, such as a screw-like connection 
element, is guided, using which the attachment end sections 50, 50a, 50b and/or the 
5 compacted end body sections are attached to the aircraft structure, will also be 
provided later. 

It is also to be noted that usage of the burn-through safe films 1 1, 11a, 1 lb as a fire 
barricade or in correlation as a fire barrier is also considered. 

10 

It is also to be noted that this burn-through safe film 1 1 is implemented with a carrier 
film, on which the fibers of a fire barrier are applied. The fibers of the fire barrier are 
to be implemented using ceramic fibers. Accordingly, the possibility exists that a 
bum-through safe film 1 1 or a film reinforcement is formed from the ceramic fibers, 
15 this film reinforcement reinforcing at least one defined film region A of the film 1 1, 
which would otherwise be implemented using multiple layered films 1 1 lying one on 
top of another. 
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List of reference numbers 

1 core material 

2 enveloping film 

3 insulation package 
4, 13 fastener 

7 post-crash fire scenario; fire 

8 aircraft structure 



10 1 1, 1 la, 1 lb burn-through safe film 



1 7 panel insulation package 

1 8 frame insulation package 



15 21 hole 



3 1 stringer 

32 frame 

33 external skin 



40 frame girder 

41 frame long side 

50 attachment end section (of the film 1 1 ) 

25 50a attachment end section (of the film 1 la) 

5 0b attachment end section (of the film lib) 



30 



A defined film region 

Bl 1, CI 1, Dl 1 partial attachment end section (of the film 1 1) 
c spacing (of the frame 32) 
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